Introduction
Paenibacillus antibioticophila strain GD11
T (= DSM 28228 = CSUR P1358) is the type strain of Paenibacillus antibioticophila sp. nov. It is a Gram-positive, aerobic, indole-negative rodshaped bacterium isolated as part of a culturomics study [1, 2] . This bacterium was isolated from a 63-year-old woman with multidrug-resistant tuberculosis who was receiving a broadspectrum antibiotic regimen at the time of stool collection, as recently reported [2] . The current classification of prokaryotes is based on a combination of phenotypic and genotypic characteristics [3, 4] which includes 16S rRNA gene phylogeny, G+C content and DNA-DNA hybridization. Although these tools are considered to be the reference standard, they have several pitfalls [5, 6] . As a result of the declining cost of sequencing, there has been rapid growth in the number of bacterial genomes being sequenced [7] , and we thus recently proposed to add genomic information to phenotypic criteria for the description of new bacterial species .
The genus Paenibacillus initially included Gram-variable, facultative anaerobic endospore-forming bacteria that were reclassified as a separate genus in 1993 [37] after being grouped with the genus Bacillus. To date, the genus consists of 170 described species and four subspecies that have been isolated from a variety of environments such as soil, water, rhizosphere, vegetable matter, forage and insect larvae [38] [39] [40] . Isolation from human specimens has also been described [41, 42] . One Paenibacillus species was cultured for the first time from human faeces as a part of a culturomics study [14] .
Here we present a summary of the classification and set of features for Paenibacillus antibioticophila sp. nov. strain GD11 T , together with the description of the complete genomic sequencing and annotation. These characteristics support the creation of the Paenibacillus antibioticophila species.
France, under agreement 09-002. The faecal specimen was preserved at −80°C after collection. Strain GD11 T (Table 1) was isolated in March 2012 by cultivation on 5% sheep's blood agar in aerobic conditions at 37°C after a 21-day preincubation in a blood culture bottle with sterile cow rumen fluid and sheep's blood. Strain GD11 T exhibited a 97.6% 16S rRNA sequence identity with P. puldeungensis (GenBank accession no. NR117451), the phylogenetically closest bacterial species with standing in nomenclature (Fig. 1) . Its 16S rRNA sequence was deposited in GenBank under accession number KC158472. This value was lower than the 98.7% 16S rRNA gene sequence threshold recommended by Stackebrandt and Ebers [4] to delineate a new species without carrying out DNA-DNA hybridization.
Growth at different temperatures (25, 30, 37, 45 and 56°C) was tested; no growth was observed at 45°C or 56°C. Growth occurred between 25°C and 37°C, after 24 to 48 hours of incubation. Colonies were 0.5 μm in diameter on blood-enriched Columbia agar. Growth of the strain was tested in 5% sheep's blood-enriched Columbia agar (bioMérieux, Marcy l'Etoile, France) under anaerobic and microaerophilic conditions using the GENbag anaer and GENbag microaer systems, respectively (bioMérieux), and under aerobic conditions, with or without 5% CO 2 . Growth was achieved only both aerobically and anaerobically. Gram staining showed Gram-positive bacilli (Fig. 2) . A motility test was positive. Cells grown on agar were soft and translucent after 24 hours and had a mean width of 0.49 μm and mean length of 2.67 μm (Fig. 3) .
Strain GD11 T exhibits neither catalase nor oxidase activity.
Using an API ZYM strip (bioMérieux), positive reactions were observed for esterase (C4), esterase lipase (C8), naphthol-AS-BI-phosphohydrolase, β-galactosidase, α-galactosidase and α-glucosidase. Using rapid ID32A, positive reactions were observed for α-glucosidase, α-arabinosidase, β-glucuronidase, N-acetyl-β-glucosaminidase, nitrate reduction, glutamic acid decarboxylase, fermentation of mannose and raffinose. Using an API 50 CH strip (bioMérieux), positive reactions were recorded for esculin hydrolysis and fermentation of Using an API ZYM strip (bioMérieux), negative reactions were observed for acid phosphatase, alkaline phosphatase, leucine arylamidase, valine arylamidase, cystine arylamidase, lipase (C14), trypsin, α-chymotrypsin, β-glucosidase, α-mannosidase, and α-fucosidase. Using rapid API 32A, negative reactions were observed for arginine dihydrolase, urease, production of indole, leucine arylamidase, histidine arylamidase, phenylalanine arylamidase, tyrosin arylamidase, alanine arylamidase α-mannosidase, β-glucosidase, α-fucosidase. an API 50 CH strip (bioMérieux), negative reactions were recorded for fermentation of erythritol, D-arabinose, L-xylose,
potassium gluconate, potassium 2-ketogluconate, potassium 5-ketogluconate and potassium-5-ketogluconate.
Cells are susceptible to penicillin G, amoxicillin, amoxicillinclavulanic acid, ceftriaxone, imipenem, vancomycin, rifampicin, erythromycin, gentamicin, ciprofloxacin and trimethoprim-sulfamethoxazole, but resistant to metronidazole.
By comparison with P. puldeungensis strain CAU 9324 T , its phylogenetically closest neighbor, P. antibioticophila differed in alkaline phosphates, acid phosphatase, oxidase and β-glucosidase ( Table 2) .
Extended features descriptions
Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF) protein analysis was carried out as previously described [48] . Briefly, using a pipette tip, one isolated bacterial colony from a culture on agar plate was transferred and spread as a thin film on a MSP 96 MALDI-TOF target plate (Bruker Daltonics, Leipzig, Germany). Twelve distinct deposits from 20 isolated colonies were performed for strain GD11 T . Each smear was overlaid with 2 μL of matrix solution (saturated solution of alpha-cyano-4-hydroxycinnamic acid) in 50% acetonitrile, 2.5% trifluoroacetic acid, and dried for 5 minutes. Microflex spectrometer (Bruker) was used for measurements, and spectra were then recorded in the positive linear mode for the mass range of 2000 to 20 000 Da (parameter settings: ion source 1 (ISI), 20 kV; IS2, 18.5 kV; lens, 7 kV). A spectrum was obtained after 240 shots with variable laser power. The 20 GD11
T spectra were imported into MALDI BioTyper 3.0 software (Bruker) and analysed by standard pattern matching (with default parameter settings) against the main spectra of 7379 bacteria, including 129 spectra from 70 Paenibacillus species. The method of identification included the m/z from 3000 to 15 000 Da. A maximum of 100 peaks were compared with spectra in the database for every spectrum. The resulting score enabled the identification of tested species (or not): a score of 2 with a validly published species enabled identification at the species level; a score of 1.7 but <2 enabled identification at the genus level; and a score of <1.7 did not enable any identification. No significant MALDI-TOF score was obtained for strain GD11 T against the Bruker database, suggesting that our isolate was not a member of a known species. We added the spectrum from strain GD11 T to our database (Fig. 4) . Finally, the spectral differences with other members of the genus Paenibacillus were highlighted by gel view (Fig. 5 ).
Genome sequencing information
Genome project history As part of a culturomics study isolating all bacterial species from the human digestive flora from patients with multidrug-resistant tuberculosis and treated with broad-spectrum antibiotics, this organism was isolated and selected for sequencing on the basis of its phenotypic differences, phylogenetic position and 16S rRNA sequence similarity to other members of the genus Paenibacillus. It is the first sequenced genome of P. antibioticophila sp. nov. The GenBank Bioproject number is PRJEB1962 and consists of 131 large contigs in nine scaffolds. Table 3 shows the project information and its association with minimum information about a genome sequence (MIGS) 2.0 compliance [49] .
Growth conditions and DNA isolation
Paenibacillus antibioticophila strain GD11 T (= DSM 28228 = CSUR P1358) was cultured aerobically on Columbia agar (bioMérieux). A total of 200 μL of bacterial suspension was diluted in 1 mL Tris-EDTA (TE) buffer for lysis treatment. After a lysozyme incubation of 30 minutes at 37°C, the lysis was performed with laurylsarcosylby 1% final and RNAseA treatment at 50 μG/μL final concentration during 1 hour at 37°C, followed by an overnight proteinase K incubation at 37°C.The DNA was purified three times by phenol-chloroform extractions, and ethanolic precipitation was performed at −20°C overnight. After centrifugation, the DNA was resuspended in 150 μL TE buffer. The concentration was measured by the Quant-it Picogreen kit (Invitrogen; Life Technologies, Carlsbad, CA, USA) on the Genios_Tecan fluorometer at 48 ng/μL.
Genome sequencing and assembly
Genomic DNA of Paenibacillus antibioticophila strain GD11
T was sequenced on 454_Roche_Titanium (Roche, Basel, Switzerland).
A paired end library was pyrosequenced on the 454_Roche_Titanium. This project was loaded twice on a 1 / 4 region for the 5 kb insert libraries on PTP PicoTiterPlates. The library was constructed with 2.5 μg of DNA according to the 454_Roche_Titanium paired end protocol and manufacturer. It was mechanically fragmented on the Covaris device (KBioScience-LGC Genomics, Teddington, UK) through miniTUBERed 5 kb. The DNA fragmentation was visualized through the Agilent 2100 BioAnalyzer on a DNA labchip 7500, with an optimal size of 4.7 kb. The library was constructed according to the 454_Roche_Titanium paired end protocol and manufacturer. Circularization and nebulization were performed and generated a pattern with optimal at 490 bp. After PCR amplification through 17 cycles followed by double size selection, the library was then quantified on the Quant-it Ribogreen kit (Invitrogen) on the Genios_Tecan fluorometer at 759 pg/μL. The library concentration equivalence was calculated as 2.84 × 10 9 molecules/μL. The library was stocked at −20°C until use.
The 5 kb paired end library was clonal amplified with 0.25 and 0.5 cpb in 4 emPCR reactions per condition, with the GS Titanium SV emPCR Kit (Lib-L) v2. The yield of the emPCR was 5.21% and 5.69%, respectively, according to the quality expected by the range of 5 to 20% from the Roche procedure.
Twice, 790 000 beads were loaded on the GS Titanium PicoTiterPlates PTP Kit 70 × 75 and sequenced with the GS Titanium Sequencing Kit XLR70. [47] . If the evidence code is IDA, then the property should have been directly observed, for the purpose of this specific publication, for a live isolate by one of the authors, or by an expert or reputable institution mentioned in the acknowledgements.
The runs were performed overnight and then analysed through the gsRunBrowser and Newbler assembler _Roche. The global 411 382 passed filter sequences generated 150. 40 Mb with a length average of 354 bp. These sequences were assembled on the gsAssembler from Roche with 90% identity and 40 bp as overlap. It led to nine scaffolds and 131 large contigs (>1500 bp), generating a genome size of 5.6 Mb, which corresponds to a coverage of 19.96 genome equivalent.
Genome annotation
Open reading frames (ORFs) were predicted using Prodigal [50] with default parameters, but the predicted ORFs were excluded if they were spanning a sequencing gap region. The predicted bacterial protein sequences were searched against the GenBank database [51] and the Clusters of Orthologous Groups (COGs) database using BLASTP. The tRNAScanSE tool [52] was used to find tRNA genes, whereas ribosomal RNAs were found by using RNAmmer [53] and BLASTn against the GenBank database. Lipoprotein signal peptides and the number of transmembrane helices were predicted using SignalP [54] (Table 4 ) between corresponding orthologous sets was determined using the Needleman-Wunsch algorithm global alignment technique. Artemis [57] was used for data management, and DNA Plotter [58] was used for visualization of genomic features. The Mauve alignment tool was used for multiple genomic sequence alignment and visualization [59] . PHAST (PHAge search Tool) was employed to identify phage sequences [60] .
Genome properties
The genome of P. antibioticophila strain GD11 T is 5 562 631 bp long with a 49.1% G+C content (Fig. 6 ). Of the 5155 predicted genes, 5084 were protein-coding genes and three were RNAs. Three rRNA genes (one 16S rRNA, one 23S rRNA and one 5S rRNA) and 68 predicted tRNA genes were identified in the genome. A total of 3814 genes (73.98%) were assigned a putative function. One hundred forty-three genes (2.77%) were identified as ORFans. The remaining genes were annotated as hypothetical proteins. The properties and the statistics of the genome are summarized in Tables 5 and 6 . The distribution of genes into COGs functional categories is presented in Table 5 .
Insights from genome sequence 
Human gut Human Soil Soil Algae +, positive result; −, negative result; NA, data not available. 
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New Microbes and New Infections, Volume 8 Number C, November 2015 (51.9, 49.3 and 50.9%, respectively). The gene content of P. antibioticophila is larger than those of P. barengoltzii, P. sanguinis, P. senegalensis and P. zanthoxyli (5155, 4394, 4209, 4422 and 4878, respectively). However, the distribution of genes into COGs categories was similar in all nine compared genomes (Fig. 7) . In addition, P. antibioticophila shared 5084, 4307, 5055, 5059, 5068, 4093, 4278, 5525 and 4676 orthologous genes with P. barengoltzii, P. massiliensis, P. panacisoli, P. polymyxa, P. sanguinis, P. senegalensis, P. terrae and P. zanthoxyli, respectively ( Table 6 ). The average nucleotide sequence identity ranged from 96.47 to 66.74% between the species. Finally, no sequences coding for nonribosomal peptide synthetases or polyketide synthases were found within the P. antibioticophila genome. The analysis of virome revealed the presence of one intact phage of 20.8 kb, and other three incomplete phages, of, respectively, 17, 15.4 and 14.3 kb with 43.96, 50.60 and 49.84% G+C content (Table 7) .
Conclusions
On the basis of phenotypic, phylogenetic and genomic analyses, we formally propose the creation of Paenibacillus antibioticophila sp. nov. The strain has been isolated from the stool sample of a 63-year-old woman with multidrug-resistant tuberculosis in Marseille, France. Several other previously undescribed bacterial species were also cultivated from different faecal samples through diversification of culture conditions [1, , thus suggesting that the human faecal flora of humans remains partially unknown. The G+C content of the genome is 49.1%. The 16S rRNA gene sequence and whole-genome shotgun sequence of P. antibioticophila strain GD11
T is deposited in GenBank under accession number KC158472. The type strain is GD11 T (= DSM 28228 = CSUR P1358). antibioticophila; PB, P. barengoltzii; PM, P. massiliensis; PP, P. polymyxa; PPA, P. panacisoli; PS, P. sanguinis; PSE, P. senegalensis; PT, P. terrae; PZ, P. zanthoxyli.
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